Abstract: A survey was conducted to evaluate the multi-exposure level and correlation among toxic metal biomarkers (Cd, Pb, and Hg). A total of 592 individuals who participated in the survey were residents near an industrial complex in Gwangyang and Yeosu (exposed group) and of Hadong and Namhae (control group) in southern Korea from May 2007 to November 2010. The Gwangyang and Yeosu area exposed groups had slightly higher blood Pb (2.21 and 1.90 µg/dL), urinary Cd observed values (2.20 and 1.46 µg/L), urinary Cd with a urinary creatinine correction (1.43 and 1.25 µg/g Cr), and urinary Hg observed values (2.26 and 0.98 µg/L) in women participants than those in the Hadong and Namhae area (control group). Blood Pb (3.18 and 2.55 µg/dL), urinary Hg observed values (1.14 and 0.92 µg/L), and urinary Hg with a urinary creatinine correction (1.06 and 0.96 µg/L) for male participants were also slightly higher than those in the Hadong and Namhae area (control group). The correlation
Hg in urine as an observed value (U-Hg), and Hg in urine as urinary creatinine correction (U-Hg cr) in residents of the Gwangyang and Yeosu industrial complex areas.
Methods

Geographic Features
The east-west distance across Gwangyang Bay is 27 km, and it is 15 km wide from north to south. The Bay is surrounded by Gwangyang, Yeosu, Namhae, Hadong as a closed-coast; thus, pollutants spread out and become isolated in this area ( Figure 1 ). The wind flows mainly south in summer and northeast in winter, which influences the damage caused by the air pollutants. In addition, water depth is low and the ocean tidal flow is slow; thus, water recovery from pollution is weak. Gwangyang Bay is adjacent to a residential area, and the pollutants emitted travel with the sea breeze toward a residential area. 
Subjects and Areas
The participants in the exposed group were residents in the Gwangyang Bay area. Toxic metal (Pb, Cd, Hg) assessments were performed intensively from May 2007 to November 2010, in the Gwangyang and Yeosu National Industrial Complex around Gwangyang Steel works as representative industrial areas in South Korea. Gwangyang and Yeosu aimed the Residents who lived within 5 km with National industrial complex as the center. The Hadong and Namhae aimed the residents who lived over than 5 km with National industrial complex as the center. Response: We have conducted a multiple linear regression analysis, after adding to exposure and control areas. Residents of Hadong and Namhae areas were the control group with limited or no occupational and environmental exposure to Pb, Cd, or Hg. The subjects (n = 592) for the study were collected from those who agreed to participate (n = 2838). Subjects were excluded if they had an unclear address, no biological sample (blood and urine) data, or their and urinary creatinine concentration was out of the range of 0.5-3.0. This study was approved by the Institutional Review Board of Soonchunhyang University.
Sampling and Survey
Six ml of whole blood was collected in a Vacutainer (BD Science, Parsippany, NJ, USA) green capped tube containing heparin for the Pb measurements. The samples were carried to the laboratory at 4 °C and frozen at −20 °C. After thawing, we used a roller mixer to re-mix the samples before analysis. Urine was collected in a specimen cup, transferred to a 15 mL conical tube, and delivered refrigerated (4 °C) to the laboratory for the analysis of urinary Cd and Hg. The urine was frozen at −20 °C until analysis, which was performed within 24 h. The final heavy metal concentrations in the urine were revised to µg/g creatinine (cr). A survey of the enrolled subjects was performed by personnel who were trained sufficiently through interviews, and a standardized questionnaire derived from the Korea National Institute of Environmental Research was used. Information, lifestyle, demographic characteristics, dietary habits, diseases and drugs were included in this questionnaire survey.
Sample Analysis
The analysis of B-Pb and U-Cd were performed with a GF-AA instrument (SOLLAR M6, Thremo, Cambridge, England). The limits of detection (LODs) were 0.1 and 0.3 µg/dL, respectively. Hg was analyzed with the Milestone DMA-80 direct mercury analyzer (Shelton, CT, USA), and the LOD was 0.1 µg/dL. Standard Reference Material was used for the internal quality control (National Institute of Standards and Technology) product for Pb in the blood. During the test, the analyzing was performed in Lot and almost all results were correct (90% of total items).
Statistical Analysis
We used Excel (Microsoft Corp. Redmond, WA, USA) for heavy metal data collection and the SPSS ver. 20.0 software package (SPSS Inc., Chicago, IL, USA) for the statistical analysis. The general characteristics of the study subjects and the geometric mean concentrations of heavy metals are shown as averages. We compared the average differences in the heavy metal concentrations by Student's t-test. Pearson's correlation coefficients were used to investigate the relationship among factors affecting blood and urinary heavy metal concentrations. For studying the factors, which effected on the concentration of the heavy metal, we carried out a multiple regression analysis. A p < 0.05 was considered significant.
Results
The 592 participant's (median age, 58 years; 48% men and 52% women) characteristics and levels of Pb, Cd, and Hg are shown in Table 1 . About 70% of the participants were nonsmokers. Mean body mass index was 23.7 kg/m 3 . The median B-Pb concentration of the 592 subjects was 2.55 µg/dL and 0.98 and 5.09 µg/dL were the 5th and 95th percentile values. Median U-Cd concentration was 1.77 µg/L (0.33 and 6.98 µg/L were the 5th and 95th percentiles). The U-Cd Cr was 1.32 µg/g Cr (0.67 and 2.26 µg/g Cr were the 5th and 95th percentiles). The U-Hg was 1.18 µg/L (0.21 and 3.13 µg/L were the 5th and 95th percentiles). The U-Hg Cr, 1.07 µg/g cr (0.57 and 1.75 µg/g cr were the 5th and 95th percentiles). Tables 2 and 3 show a comparison between the heavy metal biomarkers in the exposed and control groups of women and men. The number of participants in the exposed and control groups were 186 and 106 women candidates and 185 and 115 man candidates, respectively. blood-Pb, urinary-Cd, urinary-Cd creatinine, and U-Hg were slightly higher in women of the exposed group than those in the control group. The geometric means were 2.21 µg/dL in the exposed group and 1.90 µg/dL in the control group (p < 0.01) for lood-Pb; 2.20 µg/L in the exposed group and 1.46 µg/L in the control group (p < 0.01) for urinary-Cd;1.43 µg/L in the exposed group and 1.25 µg/L in the control group (p < 0.01) in urinary-Cd creatitnine; and 1.23 µg/L in the exposed group and 0.98 µg/L in the control group (p < 0.05) for urinary-Hg. The geometric mean of urinary-Hg creatinine in women tended to be higher in the exposed group than that in the control group, but the difference was not significant. Blood-Pb, urinary-Hg and urinary-Hg cr were slightly higher in the exposed group of men than those in the control group. The geometric means were 3.18 µg/dL in the exposed group and 2.55 µg/dL in the control group (p < 0.01) for blood-Pb; 1.14 µg/L in the exposed group and 0.92 µg/L in the control group (p < 0.05) for urinary-Hg; and 1.06 µg/L in the exposed group and 0.96 µg/L in the control group (p < 0.05) for urinary-Hg creatinine. The geometric means of urinary-Cd and urinary-Cd creatinine in men of the exposed group tended to be higher than those in the control group, but the difference was not significant.
The correlation analysis results between the blood-Pb, urinary-Cd, urinary-Cd creatinine, urinary-Hg, and urinary-Hg creatinine, blood-Pb are shown in Table 4 . All Pb, Cd and Hg biomarkers were correlated except for the correlations between urinary-Cd and urinary-Hg creatinine, and between urinary-Cd creatinine and urinary-Hg. The level of lead in the blood is the factors that effected on the gender and BMI from multiple regression analysis. The levels of Cd were the factors which effected significantly on gender, age, education, smoking status in adjusted urinary creatinine. The levels of Hg in the urine, the BMI and smoking were the effected factors (Table 5) . 
Discussion
This study was the first national cohort study performed with residents who live in South Korea's industrial complex area. We investigated heavy metal concentrations in biological samples among people who live in the Gwangyang and Yeosu industrial complex area.
The average B-Pb concentration was 2.21 µg/dL in women and 3.18 µg/dL in men of the exposed group, which was higher than those values in the control groups of men and women (1.90 µg/dL in women and 2.55 µg/dL in men). The average (control) Korean B-Pb concentration is 1.91 µg/dL [19] , whereas it is 1.12 µg/dL the USA [11] and 1.34 µg/dL in Canada [20] . However, the B-Pb levels in this study were lower than those reported in Germany (3.07 µg/dL) [21] and Brazil (2.37 µg/dL) [22] . In this study, males (2.55 µg/dL) had higher B-Pb levels than those of females (1.90 µg/dL), which was similar to previous studies [21] [22] [23] . Males had higher B-Pb levels than those of females in German human biomonitoring commission research [24] . As age increases, blood concentrations of heavy metals increase, particularly in those between 40-59 years old, who have recorded the highest concentration of 2.56 µg/dL [2, 25] . The age difference reflects the difference between the amount of activity and the environment. It is generally reported that older people's B-Pb concentrations are higher, and that the rapid increase in B-Pb concentration is caused by postmenopausal women's bone loss [25] .
Women in the exposed group had significantly higher U-Cd (2.20 µg/L) and U-Cd cr (1.43 µg/g) than those in the control group (1.46 µg/L for U-Cd and 1.25 µg/g for U-Cd cr) (p < 0.01). The U-Cd levels in previous reports of a Korean (control) survey showed 1.23 µg/L for U-Cd and 1.56 µg/g for U-Cd cr [26] . The geometric mean U-Cd levels in other locations include 1.40 µg/g cr for U-Cd cr in Bangkok [27] , 1.51 µg/g cr for U-Cd cr in Kuala Lumpur [28] , 1.21 µg/g cr for U-Cd cr in Manila [29] , and 1.59 µg/g cr for U-Cd cr in a Taiwan survey [30] . Higher U-Cd was observed in a Japanese study than the values observed in our study [31] . These reports show comparable values to our control group. However, the geometric mean U-Cd cr value in a Japanese study was higher (4.39 µg/g cr) than the results of our study (1.43 µg/g cr). Cooked rice as a main energy source is a strong determinant of variations in dietary Cd intake [31, 32] . According to the US NHANES survey, the potential exposure risks for Cd in urine are occupational and smoking [11] .
Because many factories exist in the industrial complex, the residents could be affected by Hg emissions into the atmosphere. Geometric means that could influence residents of the exposed group were 1.23 µg/L and 1.14 µg/L in U-Hg of women and man candidate. It was slightly higher (p < 0.05) than the concentration of control group (0.98 and 0.92 µg/L in U-Cd). However, in case of U-Hg, exposed group was significantly higher (1.12 and 1.06 µg/g cr in woman and man candidates) than control group (1.06 and 0.96 in woman and men) in men (p < 0.05), but not in women (p > 0.05). The results of the control group in our study were higher than those found in Germany (0.34 µg/g cr) [21] , the United States (0.46 µg/g cr) [11] , and Canada (0.40 µg/g cr) [20] . People living in the Gwangyang and Yeosu industrial complex could be affected by exposure to Hg, compared to the people living in area that is not influenced by Hg.
Pearson's correlation coefficients were significant for almost all variables except for the correlation between U-Cd and U-Hg cr, and between U-Cd cr and U-Hg. We suppose that these three toxic metals are emitted simultaneously, so that a higher Pb exposure results in higher Cd and Hg exposure.
Participants in the exposed group were slightly affected by ambient air exposure, although the main exposure source is from intake of food especially seafood containing these three metals [33] . More study is necessary regarding the exposure routes from food sources and contaminant ambient air.
Conclusions
We suggest that the exposed group of residents were simultaneously exposed to Pb, Cd, and Hg from contaminated ambient air originating from the iron manufacturing industrial complex. Residents who live in the Gwangyang and Yeosu areas should be systematically monitored and continuously evaluated for health effects. We need to research the health damage to residents in industrial areas to provide basic data for expanding and establishing a center for environmental pollution control measures.
